Staff Gages
Introduction

Five of the lakes were selected for installation of staff gages for monitoring the volume of water in
the lakes. Lakes with staff gages are Butler, Hamilton, Harrison County Public Water Supply District
No. 1, Marceline and Monroe City. The volume in each lake is determined by reading the elevation
on the staff gage and looking at the elevation-storage plot to determine the existing volume of water
in the lake. With the storage and rainfall history, an estimate of future demands on the system can
be made using one of the two recent historical drought periods of 1955 through 1957 and 1988
through 1990. Recent average daily municipal water demands were used to develop the charts.
Year 2000 was used to develop the Marceline and Monroe City charts. Year 2001 was used for the
other 3 cities. The year was selected based on the highest daily demand. By use of these charts
and reading the staff gages, an estimate of remaining water supply may be made for planning future
water needs.

Analysis for development for staff gage studies

Staff gages were installed for monitoring the volume of water in each of the five lakes selected and
were used to project an estimate of future water availability for developing a plan to extend the water
supply to get through the drought cycle.

Two drought periods are presented for comparing to a drought condition. The most recent period
extended from 1988 through 1989. The most severe extended from 1955 through 1958. The
RESOP program was used to estimate the effects of each drought period. Three RESOP runs were
made on each reservoir for both dry periods. One beginning at full pool, the second beginning five
feet below the spillway and the third run beginning ten feet below the spillway. Monthly accumulated
rainfall for each of the dry periods are presented so that comparisons can be made for a current
drought and the historical dry period.



Elevation in Feet (Mean Sea Level)

Butler, Missouri
Water Supply
1955 through 1958

800 ! Pump ONE THIRD of time each month, when flow in Marais Des Cygnes River has
l enough flow to support pumping. No pumping was planned from April through June
i because of upstream application of chemicals during farming operations.
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Butler, Missouri
Water Supply

1988 throuah 1990

Pump ONE THIRD of time each month, when flow in Marais Des Cygnes River has
enough flow to support pumping. No pumping was planned from April through June
because of upstream application of chemicals during farming operations.

|Lowest Elev. of usable water = 780.0

—

Lake empty at

Elevation 770.0 Feet

765

1st Qtr  2nd Qtr

4———Year 1

ear 1¢

e Start at Spill
= Start 5.1 Feet Below Spw
e Start 10.1 Feet Below Spw.

\

way Elevation

Reported Water Use in 2001 = 316,008,170 Gallon
Average use = 1.01IMGD

3rd Qtr

4th Qtr

1st Qtr

Yearly Quarter

Accumulated Rainfall in inches
1988 1989 1990
Jan 1.24 1.03 2.05
Feb 2.78 2.42 5.72
Mar 6.10 5.07 11.16
Apr 11.52 5.52 16.06
May 12.48 9.61 24.12
Jun 1450 1341 30.74
Jul 1859  17.68 35.09
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Aug 23.16  27.07 37.21 |-
Sep 27.63  25.95 38.23
Oct 29.22  28.71 41.39
Nov 3279 2871 43.58
Dec 35.04 29.22 45.19
| | |
| | |
| | |
| | |
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| | |
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Butler, Missouri
Water Supply
1955 Through 1958

Pump ONE HALF of time each month, when flow in Marais Des Cygnes River has
enough flow to support pumping. No pumping was planned from April through June
because of upstream application of chemicals during farming operations.

Reported Water Use in 2001 = 316,008,170 Gallon
Average use = 1.01IMGD

= Start at Spillway Elevation
= Start 5.1 Feet Below Spw

== Start 10.1 Feet Below Spw

Jan
Feb
Mar
Apr
May
Jun

|Lowest Elev. of usable water = 780.0

Jul
Aug

Sep
Oct
Nov
Dec

|
Accumulated Rainfall i

1955
1.42
4.29
6.23
8.10
18.02
23.67
24.65
28.48
35.75
40.33
40.35

n inches
1956 1957
0.57 1.46
1.83 3.93
2.32 7.05
3.94 10.03
6.78 17.30

10.68 21.53
13.92 2553
17.31 26.78
17.68  28.47
18.63 31.72
21.40 34.11

1958

2.26
3.55
7.90
10.89
15.30
21.12
28.74
32.75
38.41
38.53
43.65
44.90

|Lake empty at elevation 770.0 |

Yearly Quarter

Figure: 80.1.c



Elevation in Feet (Mean Sea Level)
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Water Supply Study
1988 Through 1990

Butler, Missouri

Pump ONE HALF of time each month, when flow in Marais Des Cygnes River has
enough flow to support pumping. No pumping was planned from April through June
because of upstream application of chemicals during farming operations.

= Start at Spillway Elevationfull
= Start 5.1 Feet Below Spillway
=== Start 10.1 Feet Below Spw'

790 ] ] | : : :
i i ‘Accumulated‘RainfaII in inéhes
‘ ‘ 1988 1989 1990
| ! Jan 1.24 1.03 2.05
| | Feb 2.78 2.42 5.72
785 ‘ | Mar 610 507  11.16
| | Apr 11.52 5.52 16.06
‘ ‘ May 12.48 9.61 24.12
| | Jun 1450  13.41 30.74
! ! Jul 1859  17.68 35.09
780 - | Lowest Elev. of usable water = 780.0 Aug 23162707 3721
| ‘ Sep 2763 2595 38.23
‘ - - Oct 2022  28.71 41.39
| Reported Water Use in 2001 = 316,008,170 Nov 3279 2871 4358
; (_33”0” ) R Dec 35.04 2922 45.19
775 - l l l l l
|Lake empty at elevation 770.0 | l l l
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Figure: 80.1.d



Elevation in Feet (Mean Sea Level)

Harrison County, Missouri
Rural Water District #1 Water Supply (Eagleville)

1955, 1956 and 1957
995

e Start at Elevation 991.3 Feet
= Start at Elevation 989.3 Feet
Elevation Full = 991.3 = Start at Elevation 987.2 Feet

Feet |

Volume = 80 Acre
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\ 4

Reported Water Use in 2001 = 30,660,000
Gallon

985 +--------fF-------- N\ N B et L
[Volume = 40 Acre ‘ ‘ :

Bottom Elevation of Upstream Lake = 984.0 Feet

Accumulated Rainfall in inches
1955 1956 1957

Jan  1.92 021 044
980 Feb 472  1.25 0.56
Mar 572 153  4.00

Apr 7.29 2.23 8.70

- May 11.37 3.90 13.66
Water Intake Elevation un 1681 206 1795

in Basin = 977.0 Feet Jul 19.01 15.26 19.27
A 20.74 19.79 21.95
975 ~ -~

Analysis uses volume of Sep 2292 20.36 2556

tor from the lake and Oct 2635 21.32 2911
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Yearly Quarter Figure: 80.2.a
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Harrison County, Missouri
Rural Water District #1 Water Supply (Eagleville)
1988, 1989 and 1990

Elevation Full = 991.3 Feet
Volume = 139.5 Acre Feet

Reported Water Use in 2001 = 30,660,000 Gallon
Average use = 0.086 MGD

Volume = 80 Acre Feet |

|Volume = 40 Acre Feet

Water Intake Elevation in Basin = 977.0

Analysis uses volume of
water from the lake and
also the downstream basin.

~

= Start at elevation 991.3 feet
= Start at elevation 889.3 Feet
=== Start at elevation 987.2 feet

Bottom Elevation of Lake = 984.0 Feet

—

{Vear 2 |
Year‘ 2

|
| |
| |
| |
| |
| |
l l
| | | |
Accumulated Rainfall in inches at } } }
Bethany, Mo. ! ! !
1988 1989 1990 [ [ [
Jan 017 112 1.43 | l 1
Feb  1.64 2.16 3.61 | | |
Mar  2.33 2.88 7.38 ; ; ;
Apr 417 4.31 11.09 ! ! !
Ma 5.37 8.96 17.09 | | |
Jun 550  13.03  23.43 | | |
Jul 7.49 17.68  29.75 ! ! !
Aug 1176 2659  33.41 ; ; ;
Sep 14.60 3055  34.89 | | |
Oct 1535  33.08 36.76 | | |
Nov 17.72  33.08 39.45 | | |
Dec 1844 3360  40.90 ! ! !
| | |
| |

|

i

T

e

<
D
2
w

1st Qtr  2nd Qtr 3rd Qtr

T

4th Qtr

1st Qtr

2nd Qtr 3rd Qtr
Yearly Quarter

4th Qtr

1st Qtr  2nd Qtr 3rd Qtr  4th Qtr

Figure: 80.2.b



Elevation in Feet (Mean Sea Level)

Hamilton, Missouri
Water Supply
1955-1958 Drought

925 7 I I I I I
St H ‘F =896 A Reported Water Use in 2001 = 62,500,000 Gallon
orage when Full = cre Average use = 0.176 MGD
l
|
920 + !
|
|
|
|
l
|
915 :
|
|
l
910 Accumulated Rainfall in inches |
7 1955 1956 1957 1958 — ‘
Jan 160 007 066 158 Lowest Elev. of usable water = 909.0
Feb 380 166  0.79 3.04 |
Mar 5.98 222 291 459 |
Apr 7.79 471  6.75 7.07 \ !
905 | [May 1371 577 1002 1324 e==Start At Spw. Elev.
Jun  19.84 866 1329 2051 == Start 4.5 ' Below Spw
Jul 2070 1422 1799 31.00 .
Aug 2331 1564 1867 32.56 ==Start 9.5 "' Below Spw
Sep 26.03 1615 2371 39.04 | | |
000 | |oct 3037 1697 2666 41.10 ! ! !
Nov 3057 1878 2842 4545 : : :
Dec 30.84 2030 2923 4582 | | |
| | |
895 T T 1 : T : 1
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Sy % o % Sp S o o %
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Yearl uarter
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Elevation in Feet (Mean Sea Level)

Hamilton, Missouri

Water Supply

1988, 1989 and 1990 Drought

925 + ; | j
Storage when Full = 896 Acre : i
920 + l ‘
e Start At Spw. Elev
= Start 4.5' Below Spw.
= Start 9.5' Below Spw
915 - l l
0 NN R R
Accumulated Rainfall in inches iLowest Elev. of usable water = 909.0
1988 1989 1990 ‘ ‘
JFa?J 11%33 1112% 132% Reported Water Use in 2001 = 62,500,000 Gallon
e . . . —
905 - Mar 3.09 286 8.48 Average use = 0.176 MGD
Apr 450 464 11.85 ; ;
May 6.24 9.75 17.10 | |
Jun 8.03 1291 23.26 | |
Jul 9.20 16.01 26.47 | |
Aug  13.35 21.37 28.99 ! !
900 | |[Ser 17.70 25.41 29.94 Lake Empty ; ;
Oct  17.98 2957 32.97 ! !
Nov 2826 2057 3574 l l
Dec  19.13 29.80 37.10 | |
——— el pig [Year 2 | it [Year 3
895 T T f I T I T i I\
I1st Qtr 2nd Qtr 3rd Qtr 4th Qtr 1stQtr 2nd Qtr 3rd Qtr 4th Qtr 1stQtr 2nd Qtr 3rd Qtr  4th Qtr
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Figure: 80.3.b



Elevation in Feet (Mean Sea Level)

Marceline, Missouri
Water Supply
1955 Through 1958

760 - ‘ 1 1 1
i |Reported Water Use in 2000 = 163,420,300 Gallon |
N_—JStorage when Full = 1990 Acre Feet | Average use = 0.448 MGD p—
|
| | |
755 | -
| | |
| | |
| | |
l l l
| | |
750 7 ‘ : :
l l l
| |
‘ l i l
| | | |
745 7 1 J |
| | |
Accumulated Rainfall in inches : : : :
1955 1956 1957 1958 ‘ l l l
0 Jan 2.48 0.12 1.44 1.80 | | | |
740 —|Feb 5.15 1.43 1.81 201 [~——-------- . el
Mar 242 173 3.80 418 i Lowest Elev. of usable
Apr 9.05 322 702 658 ‘ water = 939.0 feet
May 459 599 1395 12.39 | ‘ ‘
735 - Jun 19.69 702 1996 1720 | L e Start Full
Jul 21.35 1567 2566 35.70 ; Start 5' Below S
Aug 2653 2061 2955 36.86 | ar elow opw
Sep 2796 2114 33.28 41.73 | == Start 10' Below Spw
Oct 33.42 2147 4149 4379 | ‘ ‘ |
730 - |Nov 3375 2213 4364 45.72 |Lake Bottdm Elevation 729 Feet |_ | | |
Dec 34.05 23.36 4820 46.52 ‘ | | |
| | | |
| | | |
[Vear 2 L Near 2 | ! !
‘-@ >|< Year 2 ‘ >|< Year 3 >I< ‘ Year 4 ‘
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Elevation in Feet (Mean Sea Level)
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Marceline, Missouri

Water Supply

1988, 1989 and 1990 Drought

Storage when Full = 1990 Acre Feet |

1988
Jan 1.93
Feb 2.94
Mar 4.67
Apr 5.65
May 7.25
Jun 7.55
Jul 9.92
Aug 17.10
Sep 20.54
Oct 21.07
Nov 24.32
Dec 25.75

1989
1.53
2.57
4.22
6.34
9.84
11.74
14.10
21.61
25.02
28.59
28.73
29.52

Accumulated Rainfall in inches

1990
1.19
3.85
7.14

11.43

17.07

22.37

28.06

31.79

34.86

37.49

40.75

42.77

et

earlI
T

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, " j == Start Full
= Start 5' Below Spw
== Start 10' Below Spw

N Lowest Elev. of usable water = 939.0 feet

Reported Water Use in 2000 = 163,420,300 Gallon
Average use = 0.448 MGD

Lake Bottom Elevation 729 Feetl—

Year 2} >l Vear 3 f————p]
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1st Qtr

2nd Qtr

3rd Qtr

4th Qtr

1st Qtr

I ‘ |
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Yearly Quarter Figure: 80.4.b



Elevation in Feet (Mean Sea Level)

MONROE CITY, MISSOURI
ROUTE "J" RESERVOIR
1955, 1956 and 1957

675 - | | == Start at Spillway Elevation
i i = Start 5' Below Spillway
l l === Start 9.6 Feet Below Spillway
670 - ‘ ‘ ‘
665 | ~ |
i i Accumulat(;d Rainfall in inches
| | 1955 1956 1957
| | Jan 195 032  1.99
660 - : ‘ Feb 481 089 411
! ! Mar  6.07 127  7.23
; ; Apr 996 549 1401
! ! May 1863 922 1866
655 - l l Jun 2457 1402  26.77
| ‘ - Jul 2678 19.35  33.78
i|Reported Water Use in 2000 = 152,701,300 Alfjg 3140 2291 3519
! Gallon Sep 34.04 2291 3758
= : o ssossoo, Oct 38.04 2417  42.05
650 - Lowest Elev. of usable water = 950.0 feet = Nov 38.1 2501  43.42
: ‘ Dec 3845 27.23  47.12
1 " |Elevation Lake Bottom = 640 Feet | 1
> {Year | 1 )H {Year | )H \Year | )l
640 T I 1 T I T | I
1st Qtr 2nd Qtr 3rd Qtr 4th Qtr 1stQtr 2nd Qtr 3rd Qtr 4th Qtr 1stQtr 2nd Qtr 3rd Qtr  4th Qtr

Yearly Quarter

Figure: 80.5.a



Elevation in Feet (Mean Sea Level)

Monroe City, Missouri
Water Supply
Route "J" Reservoir

= Start 5' Below Spillway
= Start at Spillway Elevation
670 - | Storage Full = 669.9 Acre ‘

|

665 -

Accumulated Rainfall in inches
1988 1989 1990
Jan 1.94 1.34 1.20
Feb 3.16 2.58 5.19
Mar 5.35 4.18 9.92
Apr 7.01 6.28 12.88
May 8.73 11.12 20.99
Jun 10.58 14.25 27.75
Jul 13.32 17.12 34.62
Aug 16.53 23.15 36.74
Sep 18.38 26.42 38.66
Oct 19.06 28.51 40.83
Nov  23.44 20.27 45.68
Dec 25.36 30.12 48.00

660

655 -

650 -|[Lowest Elev. of usable water = 950.0 feet

645 - i
: |Elevation Lake Bottom = 640 Feet |

640 < 1 JVear 1}- )I( {Year2 |- * {Vear 3] )l
t T [ ] T 1 T 1

1st Qtr 2nd Qtr 3rd Qtr 4th Qtr 1st Qtr 2nd Qtr 3rd Qtr 4th Qtr 1st Qtr 2nd Qtr 3rd Qtr 4th Qtr

Yearly Quarter
Figure: 80.5.b
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